. To clarify potential mechanisms of DPP-4 inhibitors that might cause BP and to develop strategies to screen patients susceptible to BP associated with DPP-4 inhibitors are emerging tasks for healthcare professionals and scientists working in the field of diabetes.
Soon after retrospective analyses of pharmacovigilance databases from Europe, and warning case reports with multiple DPP-4 inhibitors from Asia were published 1, 2 , an increasing number of BP cases associated with DPP-4 inhibitor use have been reported in clinical settings. However, it has been difficult to clarify the causality of DPP-4 inhibitors in these BP cases due to the involvement of multiple comorbidities, including diabetes, polypharmacy and an aged population, such as are frequently seen in BP patients. Furthermore, type 2 diabetes is commonly treated with DPP-4 inhibitors together with a combination of medications that might provoke susceptibility in the elderly. Recently, Arai et al. 4 found a significant reporting odds ratio (ROR) for DPP-4 inhibitors in a disproportionality analysis using the Japanese Adverse Event Report (JADER) database. In that study, the RORs for DPP-4 inhibitors remained statistically significant after excluding individuals who were receiving other antihyperglycemic drugs or possible causal agents for BP, whereas the RORs for other antihyperglycemic drugs were found to be insignificant after excluding individuals receiving DPP-4 inhibitors. Furthermore, Kawaguchi et al. also showed a higher prevalence of BP in over 9,000 patients receiving DPP-4 inhibitors compared with that in the general population (DPP-4 inhibitors vs reported spontaneous incident rate: 0.0859% vs 0.0021-0.0066%) 6 . Taken together with other case-control studies suggesting that antidiabetes drugs other than DPP-4 inhibitors are not associated with an increased risk of BP 7 , these studies strongly suggest that DPP-4 inhibitors uniquely increase the risk of BP.
Focusing on the clinical features and risks of BP associated with DPP-4 inhibitors, many reports suggest advanced age (>60-70 years) as a risk factor of BP associated with DPP-4 inhibitor use 3, 4, 6 . Regarding sex, some reports found that men tend to show more susceptibility 3 , although other reports showed no significant relationship between sex and BP onset 4 . The latency period for BP from the introduction of DPP-4 inhibitors varied, and was found to be relatively long (8-79 months) 2, 3, 6 . In addition, compared with conventional BP, BP associated with DPP-4 inhibitor use might tend to present as non-inflammatory, with fewer erythematous and generally mild skin symptoms. Although the autoantibody against the extracellular non-collagenous 16A domain of hemidesmosomal collagen XVII (BP180-NC16A) has been clinically used for diagnosis of BP and severity evaluation, BP associated with DPP-4 inhibitor use might be more likely to show negative for the autoantibody against BC180-NC16A . In those cases with positive anti-BP180-NC16A antibody, skin symptoms reportedly tend to be mild, and the titers of the antibody tend to be lower 6 . Although the underlying pathophysiological mechanism of BP associated with DPP-4 inhibitor use remains unclear, the clinical features suggest a mechanism distinct from BP cases not associated with DPP-4 inhibitor use. The high ratio of negative autoantibody against BP180-NC16A suggests a mechanism involving antibody targeting other parts of BP180 proteins, or even a different mechanism that does not involve BP180 antibody. Actually, autoantibody targeting the whole lesion of BP180 was detected in some individuals with a non-inflammatory type of BP. The former hypothesis is supported by the finding that the antibody titers to full-length BP180 were found to be similar between BP associated with DPP-4 inhibitor use and conventional BP patients, whereas those of BP180-NC16A were significantly lower in BP associated with DPP-4 inhibitor use 8 . The high ratio of cases with noninflammatory skin symptoms is thought to be consistent with a decrease in eosinophils infiltrating into the skin of patients with BP associated with DPP-4 inhibitor use compared with conventional BP. Furthermore, possible different risks of BP onset in the case of different DPP-4 inhibitors is intriguing. As previously shown, estimated risks for induction of BP can differ among DPP-4 inhibitors; BP onset occurred most frequently in patients treated with vildagliptin in several studies 3, 4, 6 , and, in a study based on the JADER database, linagliptin, teneligliptin and vildagliptin showed higher RORs than other DPP-4 inhibitors 3 . These results suggest that lower substrate selectivity for DPP-4 inhibitors can be associated with the pathophysiology of the disease, which accords with the finding of no difference of DPP-4 expression levels between BP skin samples with and without DPP-4 inhibitor use. In addition, different specificity of DPP-4 inhibitors against DPP-8 and DPP-9 might underlie differing immunological reactions in the skin, although the physiological functions of DPP-8 and DPP-9 are still not elucidated. Furthermore, an association between human leukocyte antigen (HLA) types and mucous membrane pemphigoid has been suggested. HLA-DQB1*03:01 was found to be a biomarker for genetic susceptibility to BP associated with DPP-4 inhibitor use in Japanese patients 8 . Ujiie et al. 8 showed that 86% of cases with non-inflammatory BP associated with DPP-4 inhibitor use carried HLA-DQB1*03:01. In BP associated with DPP-4 inhibitor use, the frequency of carriers of HLA-DQB1*03:01 was found to be significantly higher than in the Japanese general population control group (odds ratio 27.6, 95% confidence interval 8.0-94.8, P-value 5.86 9 10 -11 ), and the frequency of HLA-DQB1*03:01 carriers was significantly higher than in DPP-4 inhibitor-tolerant control patients with type 2 diabetes who were exposed to DPP-4 inhibitors for at least 2 years (odds ratio 13.3, 95% confidence interval 3.5-50.5, P-value 2.13 9 10 -5
). Furthermore, they also showed that HLA-DQB1*03:01 had a closer relationship with the non-inflammatory type rather than the inflammatory type of BP associated with DPP-4 inhibitor use. In that study, HLA-DQB1*03:01 showed 86% sensitivity and 69% specificity when the allele was applied as a risk predictor for noninflammatory BP associated with DPP-4 inhibitor use in the Japanese population. The usefulness of HLA-DQB1*03:01 evaluation should be further examined in large-scale studies among Japanese patients with type 2 diabetes carrying this allele, as well as in other racial populations.
Finally, treatment of BP associated with DPP-4 inhibitor use should be noted. Topical and oral corticosteroids are usually used for DPP-4 inhibitorassociated BP in the same manner as with conventional BP treatment. In severe cases, intravenous immunoglobulin administration can be an option 2 . Noteworthy on this topic, a favorable impact of discontinuing DPP-4 inhibitors with affected patients has been reported 2 and seems to be effective (Figure 1 ). Prompt withdrawal of the antidiabetic agents can avoid exacerbation of skin symptoms, and often bring the patients into remission after management both with and without corticosteroid use 2 . In our experience, it takes at least 2 weeks after withdrawal to achieve complete remission. In contrast, some studies have argued that discontinuing DPP-4 inhibitors should not be considered essential, as no exacerbation of BP was observed in certain cases in which DPP-4 inhibitors were continued after BP onset 6 . However, the clinical features of such cases have not been clarified, and further studies are required. Considering the unfavorable effect of systemic corticosteroids on glycemic control and the limited appropriate options of antidiabetic agents in the elderly, early diagnosis of BP as well as optional, but prompt, withdrawal of the candidate agents are important. As alternative diabetic agents, any other drugs can be selected in consideration of BP causality 7 , while paying attention to possible hypoglycemia.
In summary, it is strongly suggested that DPP-4 inhibitors are associated with increased risk of BP onset, especially in the elderly. BP associated with DPP-4 inhibitor use is a distinct disorder from conventional BP; non-inflammatory skin symptoms and negative anti-BP180-NC16A antibody are more common in BP associated with DPP-4 inhibitor use (Figure 1) . Furthermore, HLA-DQB1*03:01 is a possible biomarker for genetic susceptibility to BP associated with DPP-4 inhibitor use in Japanese patients. In addition, withdrawal of the agents can be a favorable option as treatment of BP. Finally, heightened clinical vigilance for BP associated with DPP-4 inhibitor use is required in daily diabetes care. 
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